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The present invention relates to a transmission diversity device, to a method for a 
wireless transmission diversity transmission as well as to a computer program for 
performing such a method. 

15 From EP-0 881 782 A2 a single carrier maximum-ration synthetic transmission 
diversity device as shown in figure 8 is known. According to this known transmission 
diversity device antenna elements are arranged at intervals greater than A./2. A signal 
received by an antenna element is sent by way of an antenna multiplexer to a receiver, 
where the signal is demodulated. The thus-demodulated signal is sent to a phase- and 

20 power detection section, where a phase and power of the signal are detected. On the 
basis of the result of such detection, a control section calculated the phase and power of 
a transmission signal. On the basis of the result of the calculation, a transmission signal 
generation circuit transmits a transmission signal to each of the antenna elements by 
way of the antenna multiplexer. 

25 

Note that the technique of EP 0 881 782 A2 claiming the calculation of the phase of a 
signal of each antenna cannot be applied to the multicarrier case, but only to a single 
carrier case, as it is impossible to measure phases of received signals if there are more 
than two carriers. 

30 

In single carrier applications the phase of the signal changes frequently as the symbols 
are transmitted serially. Therefore it is difficult to compare phases between different 
antennas, as the phase is not varying uniformly. Therefore in singles carrier 
applications a phase comparison is preferably done using pilot symbols which phases 
35 are varying uniformly or which are known. 

From US 5,973,642 adaptive antenna arrays for orthogonal frequency division 
multiplexing systems (OFDM systems) with co-channel interference is known. 
According to this known technique parameters for adaptive antenna arrays in OFDM 
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systems with co-channel interference are estimated. The channel parameter estimation 
is performed using a two pass process that advantageously expands the temporal scope 
and considers past, present and future temporal channel estimations during parameter 
estimation. Channel parameters are estimated by processing the signals through fast 
5 Fourier transforms, temporal filters and inverse fast Fourier transforms. The temporal 
filters optimise parameters estimation based upon instantaneous correlation of the 
received signals. This all takes place on the receiver's side of the OFDM system. 

In view of the above-captioned prior art it is the object of the present invention to 
1 0 provide for a technique enabling the reduction of negative multipath effects by means of 
a transmission diversity technique, wherein said technique should be applicable to 
OFDM systems and particularly to transmitters of an OFDM system. 

This object is achieved by means of the features of the mdependent claims. The 
1 5 dependent claims develop further the central idea of the present invention. 

According to the present invention therefore a transmission diversity device with a 
plurality of anteima elements is provided. A plurality of processing devices is provided 
which are respectively coimected to one of the anteima elements. Phase comparison 
20 and adjustment means are provided for comparing phases of signals received at one of 
the anteima elements and for adjusting the phases of signals transmitted by the antenna 
elements according to the result of the comparison. Insofar this technique is known 
form EP 0 881 782 A2 representing the closest prior art. 

25 The transmission diversity device accordmg to the present invention is characterised in 
that the transmission diversity device is designed for a multicarrier transmission such as 
an OFDM transmission. The transmission diversity device according to the present 
invention compares the phases of at least one subcarrier of the multicarrier transmission 
with the phase of at least one subcarrier of at least one other antenna element and 

30 adjusts it subsequently for a transmission. In the OFDM case the symbol duration is 
much longer than in the single carrier case such that a phase comparison can be done at 
any symbol and pilot symbols are not necessary therefore. 

According to the present invention subcarriers and not the received signal itself are to 
35 phase processed. 

The transmission diversity device according to the present mvention can comprise a 
subcarrier phase comparison dependent amplitude adjustment function. 
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Furthermore, it can comprise a function of averaging the phase differences of a 
plurality of subcarriers respectively received at one antenna element. Note that in the 
case of a multicarrier transmission system, each of the antenna elements receives a 
plurality of signal vv^ith different subcarriers. 

5 

The transmission diversity device according to the present invention can furthermore 
comprise the function of frequency adjusting the phase differences of the subcarriers 
received respectively at one antenna means. 

10 Furthermore, the transmission diversity device according to the present invention can 
comprise the function of comparing only predetermined selected subcarriers of different 
antenna means. 

According to a further aspect of the present invention a method for a wireless diversity 
15 transmission by means of a plurality of antenna elements and plurality of processing 
devices respectively connected to one of the antenna elements is proposed. Phases of 
signals received at the antenna elements are compared and adjusted according to the 
result of the comparison for a subsequent transmission by means of the antenna 
elements. 

20 

According to the present invention the phase of at least one subcarrier of a mulitcarrier 
transmission for each antenna element is compared with the phase of at least one 
subcarrier of at least one other antenna element and adjusted subsequently for 
transmission. 

25 

The step of comparing can be repeated at least twice to calculate an average value of the 
phase comparison used for the step of adjusting the phases for the subsequent 
transmission. 

30 The mulitcarrier transmission can be an OFDM transmission. 

Furthermore, the step of amplitode adjustment depending on the subcarrier phase 
comparison can be provided. 

35 The phase differences of a plurality of subcarriers respectively received at one antenna 
element can be averaged. 



The phase differences of the subcarriers received respectively at one antenna element 
can be frequency adjusted before being compared. 
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The comparison can be performed with only selected predetermined subcarriers of 
different antenna elements. 

5 The step of comparing can comprise the step of correlating time domain data. 

In case it is detected that any of the antenna elements no signal or a signal with an 
amplitude below a predetermined threshold is received, said antenna element is not used 
for a subsequent transmission. 



The method can be applied in the base station of a wireless transmission system. 

According to a still further aspect of the present invention a computer program for 
performing, when loaded in a memory of a transmission diversity device, such a 
1 5 method is proposed. 

Further advantages, featiures and objects of the present invention will become evident 
for the man skilled in the art when reading the following detailed description of 
embodiments of the present invention to be taken with reference to the figures of the 
20 enclosed drawings. 
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Figure 1 shows schematically a TX diversity system. 



25 



Figure 2 shows a representation of phase differences of subcarriers 
originating from different antennas, 



Figure 3 shows a time domain representation of an OFDM signal 
received at different antennas. 
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Figure 4 shows a symmetrical representation of the path difference 
between respectively one of a plurality of antenna elements of a 
transmitter and the receiver. 
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Figure 5 shows the details of the subcarrier processing in a transmitter 
according to the present invention. 



Figure 6 shows a first alternative for adjusting a transmission. 



Figure 7 shows a second alternative for phase adjusting a subcarrier, and 
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Figure 8 shows a TX diversity receiver according to the prior art. 

Figure 1 shows a transmission diversity transmission system with a transmitter 1 having 
5 a plurality of anteima elements 2, 3. Each of the antenna elements 2, 3 is transmitting 
by means of a multicarrier transmission technique 4, 5 to a receiver 6 having an antenna 
7. As it is well known, the receiver 6 will receive the different signals 4, 5 originating 
from the distance antenna elements 2, 3 of the transmitter 1 with a phase difference as 
shown in figure 2. Particularly, as the invention is related to multicarrier transmission 
10 systems, the corresponding subcarriers of the multicarrier transmission system will be 
phase shifted as shown in figure 2. 

Figure 3 shows the corresponding representation for the time domain OFDM signal. 

15 As it is shown schematically in figure 4, when transmitting, the different subcarriers 
should be adjusted such that they arrive at the antenna 7 of the receiver 6 without any 
relative phase shift. 

The TX diversity technique is used to avoid the problem of fading for example due to 
20 multipath effects. According to the present invention, as it will be explained with 
reference to figure 5, a phase and/or amplitude adjustment is calculated in transmitter 
side such that no orthogonal signalling is requned. The number of antenna means 2, 3 
can be increased as much as possible on the transmitter side to get a sharper beam 
(beam shaping). 

25 

As shown in figure 5, the signals received at the different antenna means 2, 3 are 
respectively down converted 23 and then A/D converted 24. After effecting a Fourier 
transform 8 the N symbol vectors of the OFDM signals from the different antennas are 
combined to a matrix 9. 

30 

On the one hand this matrix comprising each symbol from each antenna is passed to a 
phase comparison unit 10 for a phase comparison of each subcarrier from the antenna 
means 2, 3. Therefore, a matrix of relative phases of each subcarrier in comparison to 
the base antenna is generated and supplied to a phase difference adjustment unit 11. 
35 The base antenna is selected to express the phase difference between another antenna 
and said base antenna. 



The phase difference adjustment unit 11 adjusts the phases of the subcarriers to 
compensate for the frequency difference of each subcarrier. Finally, the subcarrier 



phase differences are averaged 12, such that the nominal phase difference (or relative 
delay) of each antenna in comparison to one selected base antenna is generated. This 
nominal phase difference (or relative delay) of each antenna widi respect to one selected 
base antenna is then used for a subsequent transmission, as will be explained with 
reference to figure 6 and 7, 

The matrix generated in the unit 9 is ftirthermore phase adjusted in a unit 13 to 
compensate for the frequency difference of the subcarriers. The unit 13 is phase 
adjusting to compensate for the delay difference between the antenna means 2, 3. The 
unit 13 therefore aligns the phase of each antenna to that of the base antenna, keeping 
the relative phase between the subcarriers within one OFDM signal from one antenna. 
This corresponds to a receiver diversity in the base station. If the delay difference 
between antennas is large, the frequency difference between the subcarriers has to be 
considered when phase compensating. If the delay difference is not so important, the 
phase of the subcarriers of each antenna can be uniformly compensated. 

In a calculation unit 14 the phases are averaged (or summed up) over the different 
antennas and then each subcarrier, i.e. the averaged sum up result is demodulated in a 
demodulating unit 15. The demodulated sequence is then sent to a channel decoder (not 
shown). 



The following mathematical representation shows the vectors and the matrixes for the 
processing according to figure 5: 
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Figure 6 shows a transmission following the phase comparison process as shown i] 
figure 5. 
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The digital baseband signal after the IFFT processing is D/A converted 16, then passed 
through an converter 17 and finally suppHed to the different antennas by means of a 
time delay unit 18. The time delay units 18 apply a time delay corresponding to the 
nominal phase differences output from the average unit 12 (see figure 5). According to 
5 the alternative of figure 6 therefore a time delay is applied to the up converted signal. 

According to the alternative of figure 7 the symbol vector of each subcarrier symbol is 
respectively phase adjusted by means of a phase adjusting unit 19 corresponding to the 
output of the average unit 12 (see figure 5). Each phase adjusted symbol vector of each 
10 subcarrier symbol is then passed through a IFFT unit 20, a D/A converter 21, an up 
converter 22 and finally supplied to the corresponding one of the plurality of antenna 
elements. 

The processing according to the present invention can therefore be described as follows: 

15 

At the base side then a relative phase comparison of each antenna element is performed 
using the up link signal. 

This phase comparison can be carried out according to different methods. 

20 

According to a first proposal phases between different antenna elements are compared 
by averaging each subcarrier phase difference. Alternatively, selected (reliable) 
sub-carriers can be phase compared. As a further alternative time domain received data 
can be correlated and the phase difference can then be calculated by multiplying the 
25 correlation result by 1-k fc, wherein fc is the carrier frequency, fc in principal is 
different for each subcarrier, however for most of the cases fc can be a representative 
frequency or centre frequency. (The phase difference adjustement unit 11 can 
compensate for this problem.) 

30 Before averaging, the phase at each subcarrier are frequency adjusted to compensate for 
the frequency differences of the subcarriers. A base subcarrier can be selected, which 
can be the centre subcarrier or any subcarrier representing an OFDM symbol. All phase 
differences and amplitude differences are then measured relative to this base subcarrier. 

35 The next time the base is transmitting, the phase of the signal at each antenna element is 
adjusted such that the terminal 6 receives every signal with the same phase. This 
corresponds to the adjustment of the transmission timing at each antenna means. 
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The next time the base 1 receives, the phases of the signals can be adjusted again. If 
there is a memory provided in the base 1 , the phase adjustment in the receiver side can 
be done in the same OFDM symbol. Then a new phase difference is calculated for a 
following transmission. 

5 

Optionally, the adjustment value can be averaged several times to get a more reliable 
value. If one (or a plurality) of antenna elements of the base 1 cannot receive the up 
link signal or not with an amplitude higher than the predetermined threshold (for 
example due to fading), the concerned antenna elements are not used for the down link 
1 0 transmission. 



In addition to the phase comparison an amplitude adjustment at each antenna means 
responding to the resuU of the phase comparison is possible. It is to be noted that the 
above process can be effected on both sides of the wireless transmission links, i.e. both 
15 on the base 1 and the terminal 6. 



The present invention has the advantage that the terminal (mobile side) does not 
necessarily have to measure each path from different anteimas. Therefore, no 
orthogonal signalling for each channel is required. As the number of antennas at the 
20 base 1 is not limited by the number of orthogonal signals available (as no orthogonal 
coding is needed), the number of anteima elements at the base 1 can be increased in 
principle without limits. Therefore, the antennas can be configured to represent 
adaptive array antennas such that sharper beam is possible. Therefore, the transmitting 
power on both sides can be reduced and both fading and interference can be reduced. 



